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Your contributions to the publications 

1.1 Contribution to paper I 

Regarding my contribution as a shared first author, it is crucial to state that the publication 

essentially comprises 2 full-scale projects that were merged into one paper in order to publish 

in a journal with a high(er) impact factor. My project was a comprehensive meta-analysis in-

vestigating the effects of aerobic exercise interventions on hippocampal formation volumes in 

schizophrenia populations. Firstly, the project required formulating a research question and 

objectives using the PICO framework (P: Schizophrenia, I: Aerobic exercise, C: e.g. table foot-

ball, O: Hippocampal formation volume) as well deciding upon in- and exclusion criteria in-

cluding but not limited to study design, populations, interventions and outcomes. The next step 

involved study pre-registration with PROSPERO in order to guarantee transparency, which 

included the following aspects: background & rationale, research question(s), in- and exclusion 

criteria, search strategies, data extraction, quality assessment as well as a plan for statistical 

analysis. Subsequently, a comprehensive literature search was conducted using the following 

databases: Cochrane, PubMed, Web of Science, ISRCTN and Embase in search of published, 

unpublished and grey literature. Screening and selection were carried out by Lukas Röll and 

myself, so as to minimize bias and resolve discrepancies through consensus. Next, data extrac-

tion comprised sample sizes, means, standard deviations, risk of bias was assessed using 

Cochrane’s “risk-of-bias tool for randomized trials” (RoB 2) and statistical analysis was per-

formed using “Comprehensive Meta-Analysis Software” (V4). Moreover, statistical analysis 

entailed sensitivity analysis, assessment of heterogeneity (Cochran’s Q, Higgins I2), publica-

tion bias (funnel plot, Egger’s regression coefficient, Begg and Mazumdar’s rank correlation 

value) and in case of publication bias violation a Duval and Tweedie trim-and-fill analysis. 

PRISMA guidelines were adhered to when reporting and interpreting results (flow diagrams, 

forest and funnel plots).  
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  As previously mentioned, the meta-analysis was then merged with Lukas Röll’s project 

concerning the effects of aerobic exercise interventions on hippocampal subfields as opposed 

to the hippocampal formation as a whole (meta-analysis). Subsequently, I proceeded to revise 

the entire manuscript grammatically and linguistically, while also checking for sound and co-

herent theory, methodology and discussion in both parts. 

1.2 Contribution to paper II 

Prior to reviewing and editing the manuscript, I examined and adjusted crucial aspects of 

the questionnaire that was used to collect essential data subsequently used in the study’s anal-

ysis. Thereby ensuring that said collected data was sound, reliable and valid. Steps included 

ensuring that objectives were clear, that valid and/or reliable questions and response items were 

chosen, and that these were clear in their intention and free of bias to the best of their abilities. 

Subsequently, I proceeded to revise the manuscript grammatically and linguistically while also 

checking for sound and coherent theory, methodology and discussion.  
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2. Introduction summary 

2.1 Schizophrenia and why we require exercise regimens as add-on 
interventions 

Schizophrenia frequently manifests as a chronic and disabling psychiatric disorder in late 

adolescence or early adulthood and entails a wide variety of both positive and negative symp-

toms (James et al., 2018). Positive symptoms refer to an excess and/or a disturbance of normal 

functioning (e.g. hallucinations, delusions, disorganized thinking and/or motor behavior), 

whereas negative symptoms can be categorized into two key factors, namely “diminished ex-

pression” (e.g. blunted affect, alogia) and “avolition/apathy” (e.g. avolition, asociality, anhe-

donia) as well as secondary negative symptoms such as depression, medical comorbidities, 

antipsychotic-related sedation, substance misuse, environmental deprivation and stigma, to 

name several (Correll & Schooler, 2020). 

On the one hand, available antipsychotics offer viable and often efficient means of treating 

positive symptoms (Nielsen et al., 2015). On the other hand, negative symptoms and cognitive 

deficits often persist due to limited treatment options despite increased understanding of the 

etiology, epidemiology, biology, and psychopharmacology of schizophrenia (Carbon & Cor-

rell, 2014). This is particularly tragic due to the often-chronic nature of schizophrenia and the 

fact that negative symptoms disproportionately contribute to impaired social and occupational 

functioning, thereby preventing meaningful and sustainable recovery on a functional and com-

munity level (Fusar-Poli et al., 2015). Meta-analytic evidence shows that only one out of seven 

patients with schizophrenia meets criteria for recovery and shows significant improvements in 

social and clinical outcomes over a time-period of at least 2 years (Jääskeläinen et al., 2012). 

Managing negative symptoms in a clinical setting includes minimizing medication side-effects 

that may aggravate negative symptoms, adjusting or switching medication (e.g. cariprazine as 

a dopamine D3/D2 receptor partial agonist and serotonin 5-HT1A partial agonist), treating 
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comorbid medical/psychiatric conditions, seeing a psychologist for psychosocial interventions, 

as well as encouraging self-care, environmental stimulation and social interactions (Correl & 

Schooler, 2020). However, the effectiveness of said interventions in negative symptom reduc-

tion remains limited as well as predominately bound to the clinical setting, which emphasizes 

the lack of or rather the necessity of postulating and investigating novel treatments for negative 

symptom reduction outside of hospital and in the long run (Vita & Barlati, 2018).  

One such treatment or intervention that has attracted attention and shown promising results 

in the past years is exercise regimens. Meta-analyses have concluded that exercise is effective 

in alleviating and/or optimizing the following symptoms/domains in people with schizophre-

nia: negative symptoms, cognitive and global functioning, as well as quality of life (Dauwan 

et al., 2016). Moreover, exercise is crucial in improving overall health and well-being including 

but not limited to weight, blood pressure, cholesterol, and so forth. This is of essence in schiz-

ophrenia, as those suffering have higher morbidity and mortality rates compared to the general 

population due to higher rates of cardiovascular disease, metabolic syndrome and diabetes 

(Vancampfort et al., 2015). Patients with schizophrenia often exhibit an array of unhealthy 

habits; they are more likely to smoke, exercise less and adhere to unhealthy diets when com-

pared to the general population (Sagud et al., 2018). So much so that the World Health Organ-

isation (WHO) recommends interventions for those suffering from severe mental illness and at 

risk for cardiovascular events in its guideline “Management of Physical Health Conditions in 

Adults with Severe Mental Disorders” (World Health Organization, 2018). Overall, it is im-

portant to state that physical exercise is crucial in maintaining physical health and well-being 

in the general population as well as specifically in those suffering from mental disorders, and 

even more so in individuals with schizophrenia due to unhealthy habits associated with the 

disease itself but also the side-effects of anti-psychotic medication. So, what is the current state 
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of research on exercise interventions in schizophrenia and what are the hypothesized underly-

ing neurobiological mechanisms of action/change? 

2.2 Current state of research and the underlying neurobiological 

mechanisms of action 

Generally speaking, it has been hypothesized that exercise increases neuroplasticity at mor-

phological and functional levels by means of modifying the expression of neurotrophic factors 

and neurotransmitters in the brain (Maurus et al., 2021). More specifically, a review conducted 

by Maurus et al. (2019) summarizes the many structural, cellular and molecular mechanisms 

possibly associated with the effects of aerobic exercise interventions in schizophrenia, as 

shown in animal models but also in humans, including but not limited to: an increase in hippo-

campal formation and gray matter volume, improved white matter connectivity, adaptations 

and enhancements in epigenetics and neurogenesis, increased cerebral blood flow/angiogene-

sis, elevated levels of growth factors and neurotransmitters including serotonin, noradrenaline, 

dopamine and glutamate, normalization of the HPA-axis, oligodendrocyte differentiation as 

well as reduced inflammation. Said postulated mechanisms and/or affected brain regions are 

also those often impaired in schizophrenia, as studies have shown that compared to healthy 

controls individuals with schizophrenia have smaller hippocampal formation, gray and white 

matter volumes especially in the bilateral insula, anterior cingulate cortex (ACC), thalamus, 

medial prefrontal cortex (PFC) and amygdala (Maurus et al., 2022). Said brain regions are 

associated with cognitive deficits in general and specifically with emotional regulation, moti-

vation, arousal, attention, learning and memory (Guessoum et al., 2020).  

The hippocampus and/or the hippocampal formation and its subfields have been of partic-

ular interest as deterioration in this region has been associated with several psychiatric/neuro-
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logical disorders, as stated above, while also being of particular importance to declarative learn-

ing, memory formation, verbal short- and long-term memory, processing speed, pattern sepa-

ration, spatial processing and increased severity of positive and negative symptoms (Ho et al., 

2017 & Nakahara et al., 2018). Moreover, aerobic exercise has been shown to be associated 

with retention of or even an increase in hippocampal formation volume, which in turn correlates 

with improved cognition, e.g. short-term memory, working memory and overall functioning 

(Falkai et al., 2021).  

However, evidence as well as study designs regarding exercise intervention protocols and 

their effects on hippocampal formation volumes remain largely heterogeneous and somewhat 

inconclusive. In a groundbreaking study, Pajonk et al. (2010) were the first to report an increase 

in hippocampal volume in individuals with schizophrenia as well as healthy controls following 

exercise interventions. Khonsari et a. (2022) and Woodward et al. (2018), for example, were 

able to replicate said findings, whereas others, such as Malchow (2016) or Scheewe et al. 

(2013) reported null results regarding the effects of exercise on hippocampal volumes in pa-

tients with schizophrenia. Moreover, in their meta-analysis, Firth et al. (2018) showed no effect 

on total hippocampal formation volume but an increase in the left hippocampus only following 

aerobic exercise interventions in individuals with mental illness and healthy controls.  

2.3 Rationale for a meta-analytic perspective 

Considering the often-chronic nature of schizophrenia and the devasting effects of negative 

symptoms on cognition and the physical health of those affected, it is crucial to investigate and 

evaluate the body of literature covering (exercise) interventions aimed at improving global 

functioning and cognition. As previously stated, it has been hypothesized and several studies 

have shown that the beneficial effects of aerobic exercise on cognition in schizophrenia may 

be mediated by neuroplasticity and/or increases in hippocampal formation volume. However, 
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due to the heterogeneous intervention designs, methodology, findings and the lack of system-

atic reviews, it was crucial to synthesize and thoroughly summarize the current state of litera-

ture. Thereby better understanding if the effect of exercise on global hippocampal formation is 

indeed significant or if future research needs to dive deeper, for example, by taking a closer 

look at hippocampal subfields or specific subpopulations amongst those with schizophrenia.  

2.4 How to promote adherence to exercise regimens  

Engaging in physical activity on a regular basis has a wide array of benefits including but 

not limited to reducing the risk for cardiovascular disease, diabetes and colorectal cancer, while 

also reducing the risk for and occurrence of psychiatric conditions such as depression and/or 

anxiety (Schuch & Vancampfort, 2021; Warburton & Bredin, 2019). The World Health Organ-

ization not only recommends exercise regimens for those suffering from severe mental illness 

and at risk for cardiovascular events, but also at least 150 minutes of moderate physical activity 

or 75 minutes of vigorous physical activity for the general population (World Health Organi-

zation, 2020).  Still, only roughly 30% of adults in the European Union are able to meet these 

goals on a regular basis (Eurostat, 2022).  

When considering how important physical activity is to the general population and specif-

ically to those with psychiatric conditions, the need to investigate factors promoting adherence 

to regular exercise becomes more than evident. Numerous factors, such as personality traits 

(e.g. extraversion), locus of control (intrinsic vs. extrinsic), childhood sport history, self-effi-

cacy, and others have been proposed in recent literature and were thoroughly examined 

throughout this thesis (Elbe, 2021; Müller, 2023).  
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3. Abstract (German): 

Hintergund: Beeinträchtigung der Hippocampusformation sind ein Kernmerkmal der Schizo-

phrenie und gehen häufig mit eingeschränkter Kognition sowie einer schlechten klinischen 

Prognose einher. Aerobe Sportinterventionen stellen seit mehr als einem Jahrzehnt eine viel-

versprechende Intervention zur Besserung der kognitiven Fähigkeiten und des klinischen Out-

comes dar. Jedoch zeigen Interventionsprotokolle sowie Studienergebnisse weiterhin eine er-

hebliche Heterogenität auf. Deshalb erstellten wir eine Meta-Analyse, die die bestehende Lite-

ratur zu den Effekten von aeroben Sportinterventionen auf die Volumina der Hippocampusfor-

mationen zusammenfasst. Darüber hinaus wurde analysiert, ob eine solche Volumenzunahme 

mit einer Verbesserung von kognitiven und/oder klinischen Ergebnissen einhergeht und welche 

Faktoren körperliche Aktivität positiv beeinflussen. 

Methodik: Die Meta-Analyse umfasste sechs Studien und verglich den Effekt von aeroben 

Sportinterventionen auf das Volumen der Hippocampusformation in 186 Individuen mit Schi-

zophrenie vs. Kontrollprobanden (100 männlich, 86 weiblich). Des Weiteren analysierten wir 

Daten aus der ESPRIT-Studie mit 29 Teilnehmern mit Schizophrenie (20 männlich, 9 weib-

lich), die jeweils ein sechs-monatiges aerobes Sportprogramm absolvierten. Außerdem wurden 

anhand von 1119 gesunden Teilnehmern Faktoren, die die körperliche Aktivität fördern, un-

tersucht. 

Ergebnisse: Weder die ursprüngliche noch die explorative Meta-Analyse ergaben signifikante 

Unterschiede bezüglich der Effekte von aeroben Sportinterventionen auf die Volumina der 

Hippocampusformation. Im Gegensatz dazu zeigten die ESPRIT-Daten eine Zunahme der Vo-

lumina in bestimmten Subfeldern der Hippocampusformation nach Sportinterventionen, da-

runter das Ammonshorn und der Gyrus Dentatus. Ob Menschen regelmäßig Sport treiben, 

hängt von ihrem sozioökonomischen Hintergrund, dem sportlichen Verhalten ihrer Familie so-

wie der Verfügbarkeit von Sporteinrichtungen in ihrer Umgebung ab. 
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Fazit: Obwohl die Meta-Analysen keinen signifikanten Effekt von aeroben Sportinterventio-

nen auf die Volumina der Hippocampusformation zeigten, deuten Ergebnisse aus der ESPRIT-

Studie darauf hin, dass neuroplastische Prozesse in einzelnen Subfeldern gefördert werden kön-

nen. Dies unterstreicht die Wichtigkeit, Patientenuntergruppen zu identifizieren, die von maß-

geschneiderten Interventionen profitieren könnten sowie niedrigschwellige und kostengünstige 

Sportangebote, die sozial benachteiligte Gruppe einbeziehen, anzubieten.  
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4. Abstract (English): 

Background: Deteriorations in the hippocampal formation are a hallmark of schizophrenia 

and associated with impaired cognition as well as poor clinical outcomes. In the past decade, 

aerobic exercise interventions have gained interest as a promising therapeutic intervention 

aimed at increasing global hippocampal volume and improving clinical, cognitive and global 

functioning outcomes. However, intervention protocols and findings remain heterogeneous and 

inconsistent. Therefore, a systemic review and meta-analysis was performed assessing whether 

aerobic exercise leads to increases in global hippocampal volume. Moreover, the thesis covered 

whether such increases are also associated with improved cognitive and/or clinical outcomes 

as well as factors promoting and improving adherence to exercise regimens.  

Methods: The meta-analysis comprised six studies and compared aerobic exercise on total 

hippocampal formation volume to control conditions in a total of 186 individuals with schizo-

phrenia (100 males, 86 females). Moreover, an additional exploratory analysis including nine 

studies was performed. In addition, we analysed original data from a multicenter randomized 

controlled trial (ESPRIT), which included 29 participants with schizophrenia (20 males, 9 fe-

males) who each completed a six-month aerobic exercise program. Moreover, assessing factors 

promoting physical activity comprised a total of 1119 mentally healthy individuals.  

Results: Neither the original meta-analysis nor the exploratory analysis revealed significant 

effects of aerobic exercise interventions on global hippocampal formation volume. In contrast, 

the original trial data demonstrated significant increases in volume in select hippocampal sub-

fields, most prominently within the cornu ammonis and dentate gyrus. Adhering to physical 

activity was associated with socioeconomic status, whether one’s family exercises and the 

availability of facilities in one’s vicinity.  
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Conclusions: Although meta-analytic findings did not demonstrate significant effects of aero-

bic exercise on global hippocampal formation volumes, our findings suggest that neuroplastic-

ity may be promoted within specific hippocampal subfields. Thereby, emphasizing the im-

portance of identifying patient subgroups that may benefit from targeted interventions as well 

as promoting low-threshold and low-cost opportunities focused on disadvantaged social groups 

for engaging in physical activity.  
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Paper I 
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5. Paper II 
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